Introduction
The People's Republic of China (here after referred to as 'China') is the world's biggest producer of both wild and farmed fish [1] . The increase of Chinese fishery production by one order of magnitude from 1950 to 2000 [2] could be seen as a success story, yet Chinese fisheries have mostly attracted negative publicity in international media. These relate to misreporting of catches [3] , disputes about ownership of waters surrounding China [4] , the growing footprint of Chinese demand for fishery products such as sea cucumbers outside China [5] , and most recently, the activities of Chinese distant-water fleets [6] . At the same time, comparatively little information about Chinese fisheries and how they are managed is actually available outside China. This is probably because the information published by the Chinese government is almost exclusively in Chinese, and the bulk of scientific literature is also in Chinese. This makes much of the information relatively inaccessible outside China.
The goal of this paper is to give an overview about marine fisheries management in China since the reform and opening of China. The existing reviews on fisheries management in China are more than two decades old [7, 8] and do not reflect the current situation. This paper starts with a brief introduction to the history of marine fisheries in China, followed by a description of the development of marine fisheries since 1980. Then the marine fisheries management is described, including its goals, how it is organized, and the kinds of measures in use. The present challenges in marine fisheries and possible ways forward are discussed in the final part.
The history of marine fisheries from 1950 to present
Major achievements have been made in the development of Chinese marine fisheries since the new China was founded in 1949. The total marine catch is up from 0.6 million tons in 1950, to 13.6 million tons in 2011, over 20-fold increase, and mariculture production has increased from 0.15 million tons in 1954 to 15.5 million tons in 2011, nearly 100-fold increase [9, 10] . In the past decade Chinese total marine catch and mariculture production accounted for nearly 1/5 and 2/3 of the global output, respectively. The value of Chinese marine fishery production reached 342 billion Yuan (approximately 40 billion euro) in 2011 [11] .
The most prominent feature in marine fishery catches is the period of fast growth from the 1980s to the end of the 20 th century (Fig. 1) . From the perspective of the fishery resources, however, the development of Chinese marine fishing industry has experienced four different stages [7, 8, [12] [13] [14] [15] [16] :  The first period in the 1950s was a period of steady development. The potential of marine fishery resources was big. With the increase of fishing capacity and improvement of technology, fish catches rose steadily. Most catches were the traditional fishery species living near the sea floor, such as hairtail (Trichiurus lepturus), small yellow croaker (Larimichthys (=Pseudosciaena) polyactis), and big yellow croaker (Larimichthys (=Pseudosciaena) crocea).  The second period is in the 1960s. During this period the fishery resources began to be fully utilized.
Fishing catch fluctuated and CPUE (Catch Per Unit Effort) began to decrease over the following decade. In addition, the percentage of catches representing traditional fishery species began to decline. Smaller and younger fishes as well as new, low-value species, such as anchovy (Engraulis japonicus), started to appear in the landings.  The third period is from 1970s to the mid-1980s. During this period the development of Chinese marine fishing accelerated. The catches were mainly promoted by increasing fishing effort. The percentage of traditional fishery species became lower and lower. Traditional peak fishing seasons for most traditional fishery species no longer gave good catches, and some species even disappeared altogether. Most catches came from small, low-quality fishes and were from upper-middle layer of the sea. Fish resources were in a stage of severe recession.  The fourth period is from the middle of the 1980s to the present day. The marine catch leapt during this period. It is also the peak period for marine fishery resource management. In 1985, the Chinese government put forward a policy that calls for simultaneous development of aquaculture, fishing and processing, with a special emphasis on aquaculture and gradually developed distant-water fisheries.
The development of marine fishing since 1980
Before the 1980s, growth of fisheries in China mainly relied on quantity. In the 1990s, the form of fisheries growth began to be more focused on quality and ecological benefits, that is, shifting from "extensive" to "intensive" growth.
Management objectives
Objectives of fisheries management in China are stated in official policy documents. In 2006, the Chinese government promulgated the "Program of Action on the Conservation of Living Aquatic Resources of China [18] " that reflects the Chinese government's focus not only on the development of economy, but also on the conservation of the fisheries resources and environment. The program states the following medium-term objective: "By the year of 2020, the aquatic environment should be gradually rehabilitated, the trend of decline of fishery resources and increase of endangered species should be kept within limits, and fishing capacity and catch from marine capture fisheries should generally accommodate the supporting ability of fishery resources." In other words, the stated overall objective is ecological sustainability.
Furthermore, the program also states the means to reach that objective: "The total number of marine fishing vessels with engine, power and domestic marine catch should be reduced to 160,000, 10 million kilowatts and 10 million metric tons respectively. The number of stock enhancement for key fishery species should be over 40 billion tails (eggs) each year. The number of natural reserves for living aquatic resources above provincial level should be over 200. The percentage of investigation and punishment of pollution accidents in fishery water areas should be over 80%."
Administrative framework
According to the Fisheries Law of the People's Republic of China, revised in 2004, "In its supervision over the fisheries, the State applies the principle of unified leadership and decentralized administration at different levels. With the exception of those sea areas that the State Council puts under the supervision of the administrative department for fisheries under it or of the fisheries authorities subordinate to the department and those fishing grounds endowed with special fishery resources designated as such by the State Council, marine fisheries shall be subject to supervision by the administrative departments for fisheries under the people's governments of provinces, autonomous regions and municipalities directly under the Central Government that are contiguous to the sea areas [19] ."
From the perspective of different functions, management organization can be roughly divided into four parts:
1) The main administrative department is the Bureau of Fisheries under the Ministry of Agriculture (MOA), the highest body in fisheries administration.
2) Administration of Fishery and Fishing Harbor Supervision, whose main task is the inspection and supervision of fishing ports and vessels and exercising administrative and supervisory authority over external relations pertaining to fisheries and fishing ports.
3) Scientific research institutions, such as the Chinese Academy of Fishery Sciences and the fishery universities, that focus on carrying out the research and putting forward related suggestions to government departments.
4) Social organizations, such as the China Fisheries Association, which are mainly responsible for informing and advising fishermen about fisheries technology as well as policies and regulations.
Fishers, engine-powered fishing vessels and engine power
Despite the goals of the Chinese government to carry out fisherman relocations, reduce the numbers of fisheries, and to control the numbers of fishing vessels and their total engine power, the number of fishers tripled from about 1,224,000 in 1980 to 3,690,000 in 2011 (Fig. 2a) . Although the number of fishing vessels has been declining in the past ten years, their total engine power is still showing a rising trend (Fig.  2b ).
The catches by area, gear, and habitat
Marine fisheries in China are concentrated in the four coastal seas surrounding the country. They are, from the north to the south, the Bohai Sea, the Yellow Sea, the East China Sea and the South China Sea. Of these, the fish catch in the East China Sea is the highest and accounts for about 40% of the total catch (Fig. 3) . However, the dominance of the East China Sea has declined over time. The dominant fishing gear in terms of landings is trawl, accounting for on average 46% of the domestic marine catches. Other important gear, with respective catch percentages, are stow net (17%), drift gillnet (14%), purse seine (9%) and long-line (3%) (Fig. 4) .
Fisheries in China have traditionally targeted fish in the coastal and inshore areas. Since 1985, however, China started to develop distant-water fisheries, with good results [6, 13, 22] . The peak catches were about 1.45 million tons in 2004 (Fig. 5) . In comparison to the domestic marine catch, however, the catch from distant-water fisheries only accounted for less than 10%.
Management measures
Since China's reform and opening up, the Department of Fishery Administration has formulated a series of measures to improve management of the marine resources, including the fishing license system, the minimum mesh size regulation, the so-called "Double Control" system, summer fishing moratoria, fishing catch limit regimes, fishery enhancement programs, establishment of artificial reefs, and aquatic germplasm resource protection areas.
Fishing license system
In 1979, the State Council promulgated the "Regulation on the Breeding and Protection of Aquatic Resources". It was the first time a fishing license system as a form of administrative regulation was put forward. According to the Fisheries Law of the People's Republic of China (1986), any unit or individual that intends to engage in inland or inshore fishing must first apply the regional department of fishery administration for a fishing license [24] . In 1989 MOA issued "Regulation on Fishing Licenses" which was revised in 1997. This regulation specified the license system, but there were some obvious problems, namely that the rules were difficult to implement because they were not specific enough [25] .
In 2000, MOA organized the first national census of marine fishing vessels. The result showed that there were still 67,200 illegal vessels which did not have fishing licenses, fishing vessel registration certificates, and fishing vessel inspection certificates, accounting for 27.5% of all vessels [26] . The large number of illegal vessels was one of the main reasons for excessive fishing effort.
In 2002, to strengthen the management of fishing licenses, MOA promulgated the "Regulation on Fishing Permit Management." This regulation made specific provisions on the qualifications for obtaining the fishing license, the fishing areas, the numbers of allowed fishing gear, and punishments for violating the regulations. This regulation has been amended in 2004 and 2007.
Minimum mesh size regulation
In China, the research on minimum mesh size began in the 1970s. However, mesh size regulations were not implemented until much later. Article 30 of the Fisheries Law of the People's Republic of China states that it is not permitted to use fishing nets with meshes smaller than the minimum mesh size [27] . Only after 2004, MOA began to fully implement minimum mesh size regulations. The minimum allowed mesh size depends on the fishing gear as well as fishing area (Table 1) .
Minimum mesh size regulation is a very important means to protect fishery resources in China. However, it can be noticed there are still some problems (Table 1) . First, there is a very small number of legally binding standards for mesh size, only six at present. As there are at least 40 main commercial species of fish and over 10 fishing gears in Chinese seas, the existing standards leave many fishing gears and fish species outside the regulation. Moreover, there is no rule concerning shrimps and crabs. Second, the standards need updating. Table 1 shows that some minimum mesh size regulations are based on research finished in 1980s, but the status of fisheries resources in China has greatly changed in the past 30 years [29] .
"Double Control" system
In order to relieve pressure on marine fisheries resources and control the fishing effort, in 1987 MOA proposed the so-called "Double Control" system, referring to the control of both the total number of marine engine-powered fishing vessels and their total engine power. The results do not show a good overall effect. In many coastal areas, the "Double Control" system has not been fully implemented [30] . From 1986 to 2002 the number of marine fishing vessels increased by more than 60,000 and their engine power more than doubled (Table 2) .
In The objective was to reduce the numbers and total engine power of the fishing fleet by respectively 30,000 vessels and about 1.27 million kilowatts by 2010. However, Figure 2b and Table 2 show that although the number of fishing vessels has declined since 2003, the total engine power has been steadily rising, except in 2003. Indeed, the total engine power reached a new high in 2011.
In general, the "Double Control" system has not achieved its goals. There are some main problems which can explain its low effect:
1) The limited inspection by the local governments. To develop local economy and guarantee the fishermen's income, the inspections of fishing vessels and their power are not very strict, especially not for the power. Sometimes low-power engines have been replaced by high-power engines, while the nameplate may show a lower nominal power, to the joint benefit of shipyards and engine manufacturers. This phenomenon has become an open secret in the industry [30, 34] .
2) Illegal fishing vessels. Many fishing vessels were manufactured illegally. At present it is forbidden to manufacture new marine fishing vessels, except through remanufacturing or renovation according to the regulation. In addition, some marine fishing vessels do not have the fishing license.
3) New fishers. Despite of relocation of some fishermen, there are also some new fishers, contributing to the increasing number of fishing vessels and their engine power.
Summer moratorium of fishing
To reduce the pressure of the fishery resources, since 1995 a summer moratorium has been implemented in the Bohai, Yellow, and East China Seas. The objective is to protect the main commercial fish resources, such as hairtail and large yellow croaker. Starting in 1999, the summer moratorium was also implemented in the South China Sea. The summer moratorium is a very important measure to protect the marine fishery resources in China by ensuring that most species have a chance to spawn. Since 2009, in response to the severe decline in the state of the fishery resources and the rising temperature of sea water, MOA adjusted the summer moratorium system: the starting date of the moratorium was advanced by 15 days, while the closing date was kept unchanged, thus extending the total duration of the moratorium (Table 3) .
The summer moratorium functions well in protecting the marine fishery resources during the closure time, but its effect is short-lasting [36] [37] [38] . In the long term, the system has a very limited effect: 1) After the moratorium, it is hard to control the fishing effort. Nearly all the marine fishing vessels rush into the sea at once. Because of this huge fishing effort, the achievements of the moratorium will disappear in 2-3 months and the resource density will fall to a low level after autumn. This is the main problem.
2) Due to the high diversity of marine species in China, the spawning times of different species may not overlap with the moratorium. The current moratorium system lacks specificity to sufficiently cover the spawning seasons of different species.
3) Some researchers have argued that China missed the best opportunity to recover fisheries resources: the best time to establish the moratorium system was in the late 1960s when resources began to decline. However, the moratorium system was only established in 1995, which made the effect limited [16, 37, 38] .
Fishing catch limit regime
To mitigate the pressure of the fishing effort, China started to consider controlling the total catch of marine fishery using a fishing catch limit regime, no longer regarding high catches as a political achievement of the local government. In 1999 MOA proposed the "Zero Growth" policy, that is, the domestic marine catch of 1999 was not to be higher than that of 1998. Thus, a kind of Total Allowable Catch (TAC) system was introduced. In 2000, in order to strengthen the implementation of the policy, MOA proposed the "Negative Growth" policy.
The "Zero Growth" and "Negative Growth" policies have been effective. As seen in Figure 1 , China's total marine catch began to decline since 2000, and has stayed at that level in the past decade. Given the depletion of the marine fishery resources, while at the same time the need to protect livelihoods of fishermen (considered being a vulnerable group), the fishing catch limit regime which controls the total catch and maintains the catch levels seems to be an appropriate measure [39] .
Establishment of artificial reefs
Since the 1970s, departments concerned with fishery administration started to consider restoring the fishery resources by habitat improvements. In 1979-1987, the Chinese government began to test artificial reefs in the coastal areas [40, 41] . Since 2001, the government gradually began to invest in building artificial reefs [41] [42] [43] . Some studies have shown that the establishment of artificial reefs has brought obvious positive effect [41, 44, 45] . Unfortunately, so far there is no systematic survey to illustrate the benefits of the artificial reefs.
Fishery resources enhancement
In China fishery resources enhancement began in the 1950s. Figure 6 shows a rising trend in marine stock enhancement in the past decade. During this time, stock enhancement has been one of the most important management measures of the Chinese government to restore marine fishery resources. The total marine stock enhancement was 17. Some research has suggested that fishery resource enhancement has played a positive role in recovering fishery resources [46, 47] . However, a systematic evaluation of the effect is still lacking [48] .
Aquatic germplasm resources protection areas
Article 29 of the Fisheries Law of the People's Republic of China states that in major growing and breeding areas of living aquatic resources with high economic and hereditary value, aquatic germplasm resources protection areas (AGRPAs) should be built up [51] . This official title highlights the goal of protecting genetic resources of aquatic species in comparison with other reserves, but they also provide habitat protection.
In 2007, establishing the first batch of these protected areas started. In 2011, MOA issued "Interim Measures for the Administration of Aquatic Germplasm Resources Protection Area" which aimed at strengthening and standardizing the management of the protected areas. By 2011, China had established 282 AGRPAs, 37 of them in the marine environment.
The establishment of AGRPAs is one of the most important new management measures in China over the past five years. At present, however, the establishment of AGRPAs is still at the initial stage. The AGRPAs lack specialized management agency and the funds to undertake substantial protection. In addition, the ordinary people have very little knowledge about AGRPAs, and many people do not know the role of the AGRPAs [52] . At present, the actual level of protection offered by the AGRPAs remains limited.
Challenges
Since China's reform and opening, many protection measures related to marine fisheries resources have been implemented. However, some of these measures have not achieved the anticipated effects [53] [54] [55] . The problems of resource declines and environmental deterioration are still serious [14, 53, 54, [56] [57] [58] . There are some challenges that are worth commenting.
The fishermen's awkward situation
The recession of marine fishery resources in China is an indisputable fact. Although the Chinese government has been trying to ensure recovery of the fisheries resources, China's marine fisheries resources are in a situation that can be likened to "the tragedy of the commons" [59, 60] . The fisheries resources in China are much like the commons: access is restricted, but the licensed fishermen can exploit the resource relatively freely. This put the fishermen in an awkward situation. On the one hand, many fishermen realize that the fishery resources are not unlimited, so it would be in common interests to protect them. On the other hand, they are not willing to give up fishing the small fishes which they know they should protect, because they know that even if they do not fish, others will.
As of 2011, there are about 3,233,000 traditional fishermen in China, and many of them live on fishing [11] . Due to the severe decline of natural resources, and the rising costs, such as oil prices, fishers are sometimes unable to maintain their normal lives. Therefore, the Chinese government has encouraged them to change their profession. However, their attachment to the traditional way of life is quite strong, and relocation is very difficult for them [61] .
Government supervision
At present, the staff and equipment for enforcement of the fishery regulations are insufficient, and the law enforcement has not achieved good results [62, 63] . For example, the minimum mesh size system has been implemented in China for nearly 10 years, but in reality, many fishing gears, such as trawls, often do not comply with the system [62] . In principle, China does have many good measures for protecting fisheries resources in place, but the reality is quite different. One of the most important reasons is the lack of efficient enforcement and supervision by the government.
The bias against farmed fish
Eating fish has a long history in China, and Chinese people like to eat fish, especially wild fish. However, there is cultural resistance against eating farmed fish: people do not think that the farmed fish are fresh or nutritious enough. Moreover, there are also more objective reasons for the resistance: the flavor of some farmed fish may not be as good as in wild fish (e.g., big yellow croaker), and there are also problems with excessive medication, ultimately caused by too high fish density in the fish farming industry [53, 64] .
The bias against farmed fish is a major challenge. In principle, increased consumption of farmed fish could partly alleviate the pressure on the wild fish resources. However, because of people's preference for wild fish, the fishermen are still keen on fishing as the price of wild fish gets higher. Thus, the pressure on wild fish resources continues, despite the continual decline of fishery resources and the increasing cost of fishing. This is an important reason why it is difficult to mitigate fishing effort in the Chinese waters.
Suggestions
Here we discuss some suggestions that might help addressing the challenges outlined above.
6.1
The regimes and measures of management should be "simple" China does not lack good management measures, or enthusiasm for protecting fishery resources and the environment. Many measures are suitable for China's current situation. What China does lack is good implementation of existing measures. On one side, the government enacts many good policies. On the other side, fishermen in reality ignore the policies. This is a big problem. Therefore, from the perspective of the current Chinese situation, management regimes and measures should be "simple". This would imply that the measures are more easily implemented and enforced. Otherwise, a policy will easily become just a piece of paper.
The summer moratorium of fishing, for instance, is one of the most successful measures in China Sea. There are two main reasons why this system has succeeded: 1) Compared to other measures, fishing moratorium is easier to design and needs less scientific data. 2) During the moratorium, all fishing vessels should be docked at the harbor, making it is easy for the enforcers to find the illegally fishing vessels.
At present Individual Transferable Quotas (ITQs) are a hot topic in China [14, 64] . Compared to the summer moratorium of fishing, ITQs are a complex regime. Requirements for implementing ITQ are demanding, especially concerning the enforcement. There is no doubt that ITQs can offer a good management regime, but not unless the conditions are right. At the current situation, not all measures are suitable for China.
Strengthening enforcement
Even if the policy is "simple," illegal fishing can still be a serious problem. Due to the Tragedy of the Commons and the low income of some fishermen, the management could not totally depend on the fisherman's consciousness to achieve the goal of efficient policy implementation. Instead of ignoring existing policies and constantly proposing new measures, the main problem to be solved is how to strengthen the implementation and enforcement of the existing policies [65] . Strengthened implementation and enforcement includes three main aspects: 1) Strengthening the establishment of enforcement groups and building up enforcement infrastructure, 2) Improving self-discipline and avoiding bribery, and 3) Increasing the penalties for illegal fishing to levels that deter such actions [64] .
Improving the awareness of fisheries resources and aquaculture industry
Departments concerned with fisheries management should improve people's understanding of natural and aquaculture resources. In 1985, the Chinese government proposed a guiding principle of focusing on the development of aquaculture, representing its long-term vision. Following the improvement of living standards and the rising population, the demand for natural resources is growing dramatically. At the same time, the status of natural fishery resources is becoming worse. Under these conditions, developing aquaculture can be an efficient way for reducing the pressure on some natural resources. This would require improving the public image of farmed species, making people to realize that farmed fish can be equally nutritious as wild fish. If the market demand for natural species decreases, the willingness for fishermen to fish will naturally be reduced. Then, the excessive fishing effort could be mitigated, making it possible to restore marine fishery resources to a healthy level. Eventually, this would result in higher catches of valuable species than the current depleted state can offer.
Concluding remarks
Fisheries management in China mainly relies on technical measures (minimum mesh size regulation) and a range of input control measures. The latter include a nation-wide, seasonal fisheries closure as well as a number of ways of limiting fishing capacity (licensing and limiting the total engine power). There is no direct control of fishing effort. Output control is almost totally absent, only present as a nation-wide total catch limit.
This system has some inherent challenges, at least when seen from a perspective ensuring sustainable utilization of single species. There are no measures to protect single species, and the measures are defined at very large spatial scales. Clearly, a nation-wide total catch limit can do very little to protect a single species or a local ecosystem. The measures to control or curtail fishing capacity are relatively blunt, as limiting license numbers and engine power leaves plenty of room for technological improvements. Indeed, it has been suggested that dramatic cuts in tonnage and total power would be needed to bring the fishing capacity to the level of 1999 [66] . Outside the summer moratorium, fishers can employ as much fishing effort as they like, within the gear and engine power restrictions defined by their fishing licenses. The surge in fishing effort after the summer moratorium largely annihilates its benefits. However, one could argue that even with these relatively unspecific tools, the system could in principle ensure sustainable fisheries, if the tools were used with sufficient rigor.
Yet, given the generally poor resource situation, fisheries management in China is not delivering what it should. Here it is suggested that there are two key reasons for this. First, some conservation measures that could be effective are currently ineffective because they are set at levels that are not restrictive enough. Fishing capacity and total national catch limit are fixed at high levels that are unlikely to allow for a recovery of the resources. Furthermore, current measures for limiting fishing capacity do not preclude the increase of fishing capacity through improved fishing methods, and they do very little to curtail fishing effort. Second, enforcement of the existing regulations is not stringent enough. While the management measures are well-intentioned and potentially effective, this potential cannot not realized unless they are strictly enforced. 
